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(54) GAS SENSOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To control temperature with J 
high accuracy by constituting a thermocouple with a 
negative lead including platinum or an alloy of platinum 
and rhodium by specific wt.% and a positive lead 
including an allow of platinum and rhodium with rhodium 
of specific wt.%, from conductors extended to a gas 
detecting electrode and a reference electrode as a gas 
detecting electrode and a reference electrode. 
SOLUTION: In a thermocouple, a negative lead 4 is 
formed of platinum or an alloy of platinum and rhodium, 
and the amount of rhodium is 0-7 wt.% in Rh(Pt+Rh). A 
positive lead 3 is formed of an alloy of platinum and 
rhodium, and the amount of rhodium is 9-30 wt.% in Rh/ 
(Pt+Rh). The negative lead 4, the positive lead 3, a 
detecting electrode 7, a counter electrode 8, and conductors 5 and 9 are applied and formed 
on a green sheet 1 by screen-printing. The detecting electrode 7 is formed by applying a 
composite oxide paste of NiCr204, and the counter electrode 8 is formed by applying Pt 
paste. The green sheet 1 formed of the detecting electrode 7, the counter electrode 8, the 
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conductors 5 and 9, the negative lead 4, and the positive lead 3 is burned at high temperature 
for a predetermined period of time. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A gas sensor which consists of a gas detection pole formed in a solid electrolyte, and 
a reference pole as a counter electrode, and detects gas concentration according to potential 
difference between two electrodes, comprising: 

They are a gas detection pole and a reference pole about a thermo couple which **** are 
platinum or platinum, and an alloy of rhodium, the amount of rhodium is 0 - 7wt% in Rh/ 
(Pt+Rh), right legs are platinum and an alloy of rhodium, and the amount of rhodium makes 9 - 
30wt% by Rh/(Pt+Rh). 

A conductor which extends in these electrodes. 

[Claim 2]a conductor which takes out an output signal from an electrode which constitutes a 
gas detection part -- the gas sensor according to claim 1 , wherein a part is shared with **** of a 
thermo couple. 

[Claim 3]a conductor which takes out an electrode which constitutes a gas detection part, and 
its output signal - the gas sensor according to claim 1 considering it as a point of contact from 
which a part comprises the material as **** of a thermo couple, and a right leg produces 
thermoelectromotive force in contact with a part of electrode concerned. 
[Claim 4]a conductor which takes out an output signal from an electrode which constitutes a 
gas detection part -- the gas sensor according to claim 1 , wherein a part is shared with a right 
leg of a thermo couple. 

[Claim 5]a conductor which takes out an electrode which constitutes a gas detection part, and 
its output signal - the gas sensor according to claim 1 considering it as a point of contact from 
which a part comprises a right leg and the material of a thermo couple, and **** produces 
thermoelectromotive force in contact with a part of electrode concerned. 
[Claim 6]the 1st conductor that extends from a detection pole formed in a solid electrolyte 
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base, a counter electrode, and one electrode ~ a part, having a thermo couple which has a 
pair of leg by which at least one leg of a pair of leg is electrically connected to an electrode of 
another side -- one side of a pair of leg of a thermo couple - the 2nd conductor for an 
electrode of another side - a gas sensor with which serves as a part, a detection pole consists 
of an alloy of NiCr 2 0 4 , or Pt and Rh, and a counter electrode consists of Pt(s). 

[Claim 7]**** of a thermo couple -- the 2nd conductor - the gas sensor according to claim 6 
which serves as a part. 

[Claim 8]The gas sensor according to claim 6 by which a right leg and **** of a thermo couple 
are connected to a counter electrode. 

[Claim 9]The gas sensor according to claim 6 which makes a heater supported by another 
base counter one electrode via this base. 
[Claim 10]A gas sensor comprising: 

the 1st conductor electrically connected to a detecting electrode supported by one field of a 
solid electrolyte base, and this detecting electrode -- a part. 

the 2nd conductor electrically connected to a counter electrode supported by field of another 
side of said base, and this counter electrode - a part. 

A thermo couple which forms the temperature measurement part point of contact in a counter 
electrode. 

[Claim 1 1]The gas sensor according to claim 10 which carries out temperature control of a gas 
detection part with a temperature signal which a right leg of a thermo couple or at least one leg 
of **** was connected to a counter electrode, and a counter electrode countered an electric 
heater, and was detected by a thermo couple. 

[Claim 12]ln a gas sensor which consists of a gas detection pole formed in a solid electrolyte, 
and its reference electrode, and detects gas concentration according to potential difference 
between two electrodes, A right leg is an alloy of Pt or Pt, and other precious metal elements, 
and **** consists of an alloy of Pd and Au, A gas sensor arranging directly a printing thermo 
couple which a content of Au makes 40 - 75wt% by Au/(Pd+Au) to a gas detection part which 
consists of a gas detection pole, a reference pole, and a conductor that extends in them, and 
controlling temperature of a gas detection part by temperature detected by the thermo couple 
concerned. 

[Claim 13]a conductor which takes out an output signal from an electrode which constitutes a 
gas detection part -- the gas sensor according to claim 12, wherein a part is shared with a right 
leg of said thermo couple. 

[Claim 14]a conductor which takes out an electrode which constitutes a gas detection part, and 
its output signal - the gas sensor according to claim 12 considering it as a point of contact 
from which a part comprises a right leg and the material of said thermo couple, and **** 
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produces thermoelectromotive force for temperature control in contact with a part of electrode 
concerned. 

[Claim 15]The gas sensor according to claim 12 using in common as a right leg which serves 
as a pair of said thermo couple in the first conductor that extends from one electrode among 
detection poles and reference electrodes which were formed in a solid electrolyte base, and 
the second conductor connected to an electrode of another side, or ****. 
[Claim 16]The gas sensor according to claim 15, wherein a right leg and **** of the thermo 
couple concerned are connected to said counter electrode. 

[Claim 17]The gas sensor according to any one of claims 12 to 16, wherein **** of the thermo 
couple concerned which consists of a Pd-Au alloy at least is laid under said insulating base or 
the solid electrolyte base. 

[Claim 18]Claim 1 adding glass frit material, Al Mia, or zirconia in a right leg of the thermo 
couple concerned, or ****, and the thick film thermo couple according to claim 12. 
[Claim 19]An inner cavity which is well-informed about a measurement gas atmosphere of one 
room or two rooms or more is provided in a zirconia solid electrolyte body which is an oxygen 
ion conductor, A duct intercepted from a measurement gas atmosphere for supplying 
electrochemical oxygen pumping and air oxygen which can supply air oxygen to one room of 
this inner cavity at least to this oxygen-pumping pole. 

It is activity to a conversion electrode for changing NOx in measurement gas into N0 2 

electrochemically, and NOx and oxygen which were provided in said inner cavity. 

It is the NOx gas sensor provided with the above, and said thermo couple was formed in the 

NOx detection part concerned. 

[Claim 20]A duct intercepted from a measurement gas atmosphere for supplying 

electrochemical oxygen pumping and air oxygen which provide an inner cavity of two or more 

rooms in a zirconia solid electrolyte body which is an oxygen ion conductor, and can supply air 

oxygen to one room of this inner cavity at least to this oxygen-pumping pole. 

Said inner cavity and gas diffusion resistance by which oxygen supply is carried out. 

It is the NOx gas sensor provided with the above, and said thermo couple was formed in the 

NOx detection part concerned. 

[Claim 21 ]A printing thermo couple which comprises a right leg which consists of an alloy of Pt 
or Pt, and other precious metal elements, and **** whose content of Au it consists of an alloy 
of Pd and Au and is 40 - 75wt% in Au/(Pd+Au) is formed on an insulating substrate or a solid 
electrolyte substrate, Or a heater substrate currently laying underground into said substrate. 
[Claim 22]One or more pairs of electrodes provided in an insulating substrate or a solid 
electrolyte substrate are used, An electrochemical sensor by detecting the inter-electrode 
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impedance change concerned, a current change, and electromotive force change, Perform 
voltage impressing to this inter-electrode one, and Or an electrochemical cell, an 
electrochemical pumping device, Or an electrochemical device putting side by side a printing 
mold thickness film thermo couple which has claim 1 or the presentation according to claim 12 
to a device which performs gas conversion electrochemically, and performing temperature 
detection or temperature control of this electrochemical device. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]lf it explains in full detail especially about the gas sensor which carries 
out temperature control using a thermo couple, this invention is directly put into the exhaust 
gas of a car, and relates the temperature of a gas concentration detection part to the 
controllable oxygen sensor for mount and NOx sensor directly. About the electrochemical 
device which performs temperature control using a thermo couple, this invention is directly put 
especially into the exhaust gas of a car, and relates the temperature of a gas concentration 
detection part to the controllable oxygen sensor for mount and NOx sensor directly. 
[0002] 

[Description of the Prior Art]As a temperature detection method of a gas sensor, the 
embedding method of the ceramic thermistor, Pt system thermo couple strand, or Pt resistance 
temperature sensor (using resistance of the heater itself also contains) is reported. JP.54- 
1371 41, A is an example of the method which embedded the resistance temperature sensor. 
[0003]However, there are the following problems in these temperature detectors. That is, in the 
ceramic thermistor, the temperature characteristics are only logarithmic linears, and 
temperature accuracy has the essential problem that it is very bad. Handling is very difficult 
and productivity is bad in the method embedding thermo couples, such as Pt line, in order that 
a temperature survey point may cross throughout a temperature detector in the method which 
embeds a resistance temperature sensor (the conductor which is not a measuring area - a 
part is also contained as a temperature), actual temperature control accuracy is bad. Although 
a ceramic thermistor is also the same, the resistance of a resistance temperature sensor itself 
has an essential problem which carries out degradation with the passage of time. 
[0004] 

[Problem(s) to be Solved by the lnvention]Not to mention the temperature control which can 
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secure temperature survey accuracy and reliability over a long period of time in a gas sensor, 
especially the gas sensor for mount with a severe operating environment, etc. being possible, 
Let it be the issue which should be solved to provide most a sensitive sensor part and the 
temperature control means which can control the temperature of a gas detection part with 
sufficient accuracy above all to temperature. 
[0005] 

[Means for Solving the Problem]ln view of the above technical problems, a technical problem 
was solved by the following means. That is, a thermo couple is directly arranged to a gas 
detection part, and temperature of a gas detection part is controlled by temperature detected 
by the thermo couple concerned. When forming a heater and a gas detection electrode on a 
ceramic green sheet, really calcinating and considering it as a gas sensor, the calcination 
temperature is dramatically high. In the case of a gas sensor using oxide stock solid electrolyte 
bases, such as stabilized zirconia, It is indispensable that oxygen is included not a little in the 
firing-environments gas, and as for a thermo couple, if anti-oxidation is taken into 
consideration, it is useful to consider it as B, R, or S thermo couple etc. which comprises 
platinum system material defined by JIS C1602 standard. Although mentioned later, an 
electrode which turns into an electrode which constitutes a gas detection part from oxides, 
such as platinum, an alloy of rhodium, platinum, or NiCr 2 0 4 , is used. 

[0006]ln a gas sensor which consists of a gas detection pole formed in a solid electrolyte, and 
its reference electrode in a heating mold gas sensor, and detects gas concentration according 
to potential difference between two electrodes, i.e., a mixed potential type gas sensor, and a 
shade electromotive force type gas sensor, A right leg is an alloy of Pt or Pt, and other 
precious metal elements, **** consists of an alloy of Pd and Au and a content of Au arranges 
directly a printing mold thickness film thermo couple which is 40 - 75wt% in Au/(Pd+Au) to a 
gas detection part which consists of a gas detection pole, a reference pole, and a conductor 
that extends in them, A method which controls temperature of a gas detection part by 
temperature detected by this thermo couple is dramatically effective, a conductor which takes 
out an output signal from an electrode which constitutes the further above-mentioned gas 
detection part - a lead extraction number of a sensor can be reduced because a part uses 
with a right leg of said thermo couple in common. 

[0007]ln addition, according to this invention, an alloy of Pt or Pt, and other precious metal 
elements is used as a right leg, A heater substrate, wherein a printing mold thickness film 
thermo couple which consists of an alloy of Pd and Au and comprises **** whose content of Au 
is 40 - 75wt% in Au/(Pd+Au) is embedded and formed into an insulating substrate or a solid 
electrolyte substrate is provided first. 
[0008] 

[Embodiment of the lnvention]On the base which forms a gas detection part, the temperature 
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on the part close to a gas electrode or the electrode concerned is measured with a thermo 
couple, and the drive temperature of a gas sensor is directly controlled by this invention. 
Below, arrangement of a thermo couple is explained in full detail. 

[0009]The method which arranges a thermo couple directly to a gas detection part is shown in 
drawing 1 . As a thermo couple material, platinum and the alloy of rhodium are used for the 
right leg 3, and platinum or platinum, and the alloy of rhodium are used for **** 4. If the ratio of 
platinum and rhodium is made to be the same as that of the electrode material which 
constitutes a gas detection part, and its presentation, temperature resolution will become good 
more. That is, when the electrode 2 comprises platinum, it is useful to use **** as platinum. 
When the electrode 2 comprises platinum and an alloy of rhodium, it is useful to make one leg 
into the same composition ratio as an electrode presentation among **** 4 or the right leg 3. 
When an electrode material does not contain platinum or rhodium of a thermo couple, such as 
an oxide and a multiple oxide, there is no regulation in particular in the ratio of platinum and 
rhodium, and the presentation region which may generate practical thermoelectromotive force 
can be used. 

[0010]There is no regulation in particular in the formation method of the thermo couples 3 and 
4. It can form easily with screen printing on the green sheet used as the zirconia solid 
electrolyte substrate 1 which constitutes a gas sensor. The paste containing platinum used as 
the right leg 3 and the alloy of rhodium is printed, the paste containing platinum or platinum 
which serves as **** 4 so that it may have a point of contact in the temperature measurement 
part 6, and the alloy of rhodium is printed, and it is considered as a thermo couple. In the 
process in which the green sheet itself is made to calcinate and sinter above 1300 ** even if 
the paste to be used is a mixture of platinum and rhodium, the mixture of platinum and rhodium 
is alloyed thoroughly and good temperature measuring junction is obtained. Even if it arranges 
the temperature measurement part 6 in which position of the inside and outside of an 
electrode, it does not interfere, the conductor which consists of platinum which takes out the 
output signal from the electrode 2 - the base 1 is made to support the part 5 with a thermo 
couple and the technique 

[001 1]the conductor which takes out the output signal from the electrode 2 which constitutes a 
gas detection part to drawing 2 - the method which shares a part and **** 4 of a thermo 
couple is shown, a conductor - the case where platinum or platinum, and the alloy of rhodium 
are used as a part -- the conductor concerned -- a part can be shared with **** 4 of a thermo 
couple. Sensor size can be made small and the thermal efficiency of the heater to provide can 
be raised because there is little printed wiring (conductor a part and a thermo couple) arranged 
in the 1st page of the same base. Although there is no regulation in particular in the formation 
method of the thermo couples 3 and 4, it can form easily with screen printing on the green 
sheet used as the base 1 which constitutes a gas sensor, the paste containing platinum or 
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platinum used as **** 4 (a conductor -- it serves as a part), and the alloy of rhodium is printed, 
the paste containing the platinum which serves as the right leg 3 so that it may have a point of 
contact in the temperature measurement part 6 besides the electrode 2, and the alloy of 
rhodium is printed, and it is considered as a thermo couple. In the process in which the green 
sheet itself is made to calcinate and sinter above 1300 ** even if the paste to be used is a 
mixture of platinum and rhodium, the mixture of platinum and rhodium is alloyed thoroughly 
and good temperature measuring junction is obtained. 

[0012]the conductor which takes out the electrode 2 which constitutes a gas detection part, 
and its output signal to drawing 3 -- a part comprises same material as **** 4 of a thermo 
couple, or the right leg 3, and the method with which the right leg 3 or **** 4 serves as a 
temperature measurement part in contact with a part of electrode 2 concerned is shown. (1) 
the electrode 2 and its conductor - print the paste containing platinum or platinum same as a 
part, and the alloy of rhodium, consider it as **** 4, print the paste containing the platinum 
which serves as the right leg 3 so that it may have the temperature measurement part point of 
contact 6 at a part of electrode 2 concerned, and the alloy of rhodium, and consider it as a 
thermo couple. (2) the electrode 2 and its conductor -- print the paste containing the platinum 
same as a part, and platinum of rhodium, consider it as the right leg 3, print the paste 
containing platinum or platinum which serves as **** 4 so that it may have the temperature 
measurement part point of contact 6 at a part of electrode 2 concerned, and the alloy of 
rhodium, and consider it as a thermo couple. That is, also in any of (1) and (2), the electrode 2 
acts as **** 4 or the right leg 3 of a thermo couple while detecting gas sensitivity. It can 
become possible to control the temperature of electrode 2 the very thing which contributes to 
gas sensitivity by this, influence of temperature on the gas sensitivity characteristic can be 
made smaller, and the resolution of measurement gas concentration can be improved. In the 
course which makes the green sheet itself calcinate and sinter above 1300 ** even if the paste 
to be used is a mixture of platinum and rhodium, the mixture of platinum and rhodium is 
alloyed thoroughly and good temperature measuring junction is obtained. As for the electrode 
2, it is preferred that it is a porous membrane as a gas electrode, and it is more preferred that it 
is the electrode material which made platinum or platinum, and rhodium main composition, and 
added sintering prevention material, such as alumina and zirconia. It is uninfluential also to a 
gas concentration output, without affecting the thermoelectromotive force of a thermo couple, 
even if it is the electrode material which added such alumina and zirconia. The method which 
forms the thermo couple of this invention in a detection part directly is applied to all the 
sensors which make potential difference generated between a detection pole and a reference 
pole (counter electrode) a gas detection signal. That is, it is applicable also to a mixed potential 
type and shade electromotive force type gas sensor. 

[0013]the conductor which takes out the output signal from the electrode 2 which constitutes a 
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gas detection part to drawing 4 -- the method which shares a part and the right leg 3 of a 
thermo couple is shown, the paste containing platinum used as the right leg 3 (a conductor - it 
serves as a part) and the alloy of rhodium is printed, the paste containing platinum or platinum 
which serves as **** 4 so that it may have a point of contact in the temperature measurement 
part 6 besides the electrode 2, and the alloy of rhodium is printed, and it is considered as a 
thermo couple. In the course which makes the green sheet for the base 1 itself calcinate and 
sinter above 1300 ** even if the paste to be used is a mixture of platinum and rhodium, the 
mixture of platinum and rhodium is alloyed thoroughly and good temperature measuring 
junction is obtained. An example is shown below and an example of this invention is explained 
to it in detail. 
[0014] 

[Example](Example 1) The potential detection type nitrogen oxide sensor using the solid 
electrolyte which consists of thermo couple arrangement shown in dra wing 5 w as produced in 
the following materials and procedures. the *0.2x w 6x green sheet 1 top set to '80 mm from the 
6mol% yttria stabilized zirconia fabricated and processed -- the detecting electrode 7, the 
counter electrode 8, and a conductor -- the parts 5 and 9 and the thermo couples 3 and 4 were 
applied and formed by screen-stencil, respectively, the conductor for the detecting electrode 7 
and the counter electrode 8 ~ **** 4 of the parts 9 and 5 and a thermo couple was formed 
using Pt paste. The right leg 3 of the thermo couple was formed using the Pt-13wt%Rh alloy 
paste. The detecting electrode 7 applied and formed the multiple oxide paste of NiCr 2 0 4 . After 

the NiCr 2 0 4 multiple oxide paste ground the NiCr 2 0 4 powder produced by the solid phase 

technique with the ball mill and dried it, it blended and obtained ethyl cellulose and a solvent. 
The counter electrode 8 applied and formed Pt paste. The thermo couple was produced about 
two sorts of **, when (1) temperature measurement part 6 was in the detecting electrode 7, 
and (2) temperature measurement parts 6 were in the counter electrode 8. above - each 
electrode and a conductor - the nitrogen oxide sensor was produced by calcinating the green 
sheet in which the part and the thermo couple were formed in 1400 ** for 3 hours. 
[0015]The produced sensor was heated in the electric furnace, and it held electric furnace 
temperature at 600 **, and the presentation placed it into known imitation gas, and it 
investigated gas sensitivity while it evaluated the temperature characteristics of the thermo 
couple. Comparative evaluation of the gas sensitivity was investigated and carried out also 
about the nitrogen oxide sensor which does not arrange the thermo couple. The sensor 
temperature for which it asked from the thermoelectromotive force of the thermo couple from 
electric furnace temperature showed good coincidence. Not influencing the gas sensitivity 
characteristic, even if it forms the temperature measurement part of a thermo couple in Table 1 
in a detecting electrode or a counter electrode was shown. 
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[0016] 
[Table 1] 
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[0017](Example 2) The potential detection type nitrogen oxide sensor using the solid 
electrolyte which consists of thermo couple arrangement shown in drawing 6 was produced in 
the following materials and procedures. the *0.2x w 6x green sheet 1 top set to '80 mm from the 
6mol% yttria stabilized zirconia fabricated and processed -- the detecting electrode 7, the 
counter electrode 8, and a conductor -- the part 9 and the thermo couples 3 and 4 were 
applied and formed by screen-stencil, respectively, the conductor for the detecting electrode 7 
and the counter electrode 8 - the parts 9 and 4 were formed using Pt paste. **** 4 of a thermo 
couple ~ the conductor of the counter electrode 8 - it used with the part in common. The right 
leg 3 of the thermo couple was formed using the Pt-13wt%Rh alloy paste. The detecting 
electrode 7 applied and formed the multiple oxide paste of NiCr 2 0 4 . After the NiCr 2 0 4 multiple 

oxide paste ground the NiCr 2 0 4 powder produced by the solid phase technique with the ball 

mill and dried it, it blended and obtained ethyl cellulose and a solvent. The counter electrode 8 
applied and formed Pt paste, above - each electrode and a conductor - the nitrogen oxide 
sensor was produced by calcinating the green sheet in which the part and the thermo couple 
were formed in 1400 ** for 3 hours. 

[0018]The produced sensor was heated in the electric furnace, and it held electric furnace 
temperature at 600 **, and the presentation placed it into known imitation gas, and it 
investigated gas sensitivity while it evaluated the temperature characteristics of the thermo 
couple. Comparative evaluation of the gas sensitivity was investigated and carried out also 
about the nitrogen oxide sensor which does not arrange the right leg of a thermo couple. The 
sensor temperature for which it asked from the thermoelectromotive force of the thermo couple 
from electric furnace temperature showed good coincidence. Table 2 - **** of a thermo 
couple, and the conductor of a counter electrode - not influencing the gas sensitivity 
characteristic, even if it shares a part was shown. 
[0019] 
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[Table 2] 
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[0020](Example 3) The potential detection type nitrogen oxide sensor using the solid 
electrolyte base 1 which consists of thermo couple arrangement shown in drawing 7 w as 
produced in the following materials and procedures. the l 0.2x w 6x green sheet 1 top set to '80 mm 
from the 6mol% yttria stabilized zirconia fabricated and processed -- the detecting electrode 7, 
the counter electrode 8, and a conductor - the part 9 and the thermo couples 3 and 4 were 
applied and formed by screen-stencil, respectively, the counter electrode 8 and a conductor - 
**** 4 (the conductor of a counter electrode ~ it serves as a part) of the part 9 and the thermo 
couple was formed using Pt paste. Using the Pt-13wt%Rh alloy paste, the right leg 3 of the 
thermo couple was formed so that it might have the part and the temperature measurement 
part point of contact 6 of the counter electrode 8. The detecting electrode 7 applied and formed 
the multiple oxide paste of NiCr 2 0 4 _ After the NiCr 2 0 4 multiple oxide paste ground the 

NiCr 2 0 4 powder produced by the solid phase technique with the ball mill and dried it, it 

blended and obtained ethyl cellulose and a solvent, above - each electrode and a conductor - 
the nitrogen oxide sensor was produced by calcinating the green sheet in which the part and 
the thermo couple were formed in 1400 ** for 3 hours. 

[0021]The produced sensor was heated in the electric furnace, and it held electric furnace 
temperature at 600 **, and the presentation placed it into known imitation gas, and it 
investigated gas sensitivity while it evaluated the temperature characteristics of the thermo 
couple. Comparative evaluation of the gas sensitivity was investigated and carried out also 
about the nitrogen oxide sensor which does not arrange the right leg of a thermo couple. The 
sensor temperature for which it asked from the thermoelectromotive force of the thermo couple 
from electric furnace temperature showed good coincidence. Not influencing the gas sensitivity 
characteristic considering **** of a thermo couple as a counter electrode (and the conductor of 
a counter electrode part) was shown in Table 3. 
[0022] 
[Table 3] 
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[0023](Example 4) The potential detection type nitrogen oxide sensor using the solid 
electrolyte which consists of thermo couple arrangement shown in drawing 8 w as produced in 
the following materials and procedures. the *0.2x w 6x green sheet 1 top set to '80 mm from the 
6mol% yttria stabilized zirconia fabricated and processed - the detecting electrode 7, the 
counter electrode 8, and a conductor -- the part 9 and the thermo couples 3 and 4 were 
applied and formed by screen-stencil, respectively, the counter electrode 8 and its conductor - 
the part 9 was formed using Pt paste. **** 4 (the conductor of a detecting electrode - it serves 
as a part) of the detecting electrode 7 and the thermo couple applied and formed the Pt-6wt% 
Rh alloy paste. Using the Pt-13wt%Rh alloy paste, the right leg 3 of the thermo couple was 
formed so that it might have the part and the temperature measurement part point of contact 6 
of the detecting electrode 7. above -- each electrode and a conductor - the nitrogen oxide 
sensor was produced by calcinating the green sheet in which the part and the thermo couple 
were formed in 1400 ** for 3 hours. 

[0024]The produced sensor was heated in the electric furnace, and it held electric furnace 
temperature at 600 **, and the presentation placed it into known imitation gas, and it 
investigated gas sensitivity while it evaluated the temperature characteristics of the thermo 
couple. Comparative evaluation of the gas sensitivity was investigated and carried out also 
about the nitrogen oxide sensor which does not arrange the right leg of a thermo couple. The 
sensor temperature for which it asked from the thermoelectromotive force of the thermo couple 
from electric furnace temperature showed good coincidence. Not influencing the gas sensitivity 
characteristic considering **** of a thermo couple as a detecting electrode (and the conductor 
part) was shown in Table 4. 
[0025] 
[Table 4] 
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[0026](Example 5) The potential detection type nitrogen oxide sensor using the solid 
electrolyte which consists of thermo couple arrangement shown in drawin g 9 w as produced in 
the following materials and procedures. the *0.2x w 6x green sheet 1 top set to '80 mm from the 
6mol% yttria stabilized zirconia fabricated and processed - the detecting electrode 7, the 
counter electrode 8, and a conductor -- the part 9 and the thermo couples 3 and 4 were 
applied and formed by screen-stencil, respectively, the counter electrode 8 and its conductor - 
the part 9 was formed using Pt paste. The detecting electrode 7 applied and formed the 
multiple oxide paste of NiCr 2 0 4 . After the NiCr 2 0 4 multiple oxide paste ground the NiCr 2 0 4 

powder produced by the solid phase technique with the ball mill and dried it, it blended and 
obtained ethyl cellulose and a solvent, the right leg 3 of a thermo couple ~ the conductor of the 
detecting electrode 7 - it used with the part in common and formed using the Pt-13wt%Rh 
alloy paste. **** 4 of the thermo couple was formed using Pt paste, above ~ each electrode 
and a conductor ~ the nitrogen oxide sensor was produced by calcinating the green sheet in 
which the part and the thermo couple were formed in 1400 ** for 3 hours. 
[0027]The produced sensor was heated in the electric furnace, and it held electric furnace 
temperature at 600 **, and the presentation placed it into known imitation gas, and it 
investigated gas sensitivity while it evaluated the temperature characteristics of the thermo 
couple. Comparative evaluation of the gas sensitivity was investigated and carried out also 
about the nitrogen oxide sensor which does not arrange **** of a thermo couple. The sensor 
temperature for which it asked from the thermoelectromotive force of the thermo couple from 
electric furnace temperature showed good coincidence. Table 5 - **** of a thermo couple, and 
the conductor of a counter electrode - not influencing the gas sensitivity characteristic, even if 
it shares a part was shown. 
[0028] 
[Table 5] 
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[0029](Example 6) The sensor which unified a nitrogen-oxides gas detection part and a heater 
potential detection type [ using the solid electrolyte which consists of thermo couple 
arrangement shown in drawing 10 ] was produced in the following materials and procedures. 

the t Q 2x w 6x green sheet 1 top set to lg 0 mm ffQm ^ 6m()|% yttrjg stabj |j zed zirconia fabricated 

and processed - the detecting electrode 7, the counter electrode 8, and a conductor - the part 
9 and the thermo couples 3 and 4 were applied and formed by screen-stencil, respectively, the 
counter electrode 8 and a conductor - **** 4 (the conductor of a counter electrode - it serves 
as a part) of the part 9 and the thermo couple was formed using Pt paste. Using the Pt-13wt% 
Rh alloy paste, the right leg 3 of the thermo couple was formed so that it might have the 
temperature measurement part point of contact 6 in a part of counter electrode 8. The 
detecting electrode 7 applied and formed the multiple oxide paste of NiCr 2 0 4> After the 

NiCr 2 0 4 multiple oxide paste ground the NiCr 2 0 4 powder produced by the solid phase 

technique with the ball mill and dried it, it blended and obtained ethyl cellulose and a solvent. 
[0030]The ceramic plate 10 which makes it counter with the solid electrolyte base 1 , and has 
the opening 14, and has the rectangular window 15 is arranged, the base 1 and same material 
may be sufficient as this ceramic plate 10, and it lays the board which sandwiched the 
electrical heater 12 on top of this ceramic plate 1. 

[0031 ]The heater 12 formed Pt paste of the high grade by screen-stencil. The alumina printing 
layer of the high grade was formed on the same construction material as the above, and the 
green sheet 13 of a size, the heater pattern 12 was printed on it, and the alumina printing layer 
of the high grade was laminated further, above - each electrode and a conductor - the 
nitrogen oxide sensor of the heater integral type was produced by laminating a part and a 
thermo couple, and each green sheet in which the heater was formed further, and calcinating 
in 1400 ** for 3 hours. 

[0032]The presentation placed the produced sensor into known imitation gas, and it controlled 
the driver voltage of the heater by temperature detected by the thermo couple, held the sensor 
part at 600 **, and investigated gas sensitivity. A result is shown in Table 6. It turns out that it is 
well in agreement as compared with the gas sensitivity in the inside of the electric furnace 
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shown in Table 3, the driver voltage of a heater is controlled by a thermo couple, and the 
sensor part is set with sufficient accuracy as 600 **. 
[0033] 
[Table 6] 
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[0034]The result of the temperature change of a sensor surface when a gas flow rate is 
changed is shown in drawing 1 1 . Controlling temperature was 600 **. In the case of the 
conventional system in which R thermo couple was formed to the same field as the heater 
which is a comparative example, K thermo couple was stuck on the detecting electrode 
surface, and the temperature was measured. In the case of a conventional system, when the 
gas flow rate became quick, there was no temperature fall of a sensor part to the temperature 
of a sensor part falling a little in the method of this invention. 

[0035]ln the gas sensor possessing a heating machine style, a thermo couple is directly 
arranged to a gas detection part, by carrying out drive controlling of the heating unit at the 
temperature detected by the thermo couple concerned, it can be set as a predetermined 
temperature aiming at a gas detection part, and the resolution of gas sensitivity improves. 
[0036]Next, the example shown below in drawin£_12Js explained. The temperature on the part 
which approaches a gas electrode on the base which forms a gas detection part, or the 
electrode concerned is measured with a new thermo couple, and the operating temperature of 
a gas sensor or other electrochemical devices is directly controlled by this invention. A detailed 
embodiment is shown below. 

[0037]lt is performed well that a heating mold electrochemical device prints the electrodes 16 
and 17 and the lead 18 to the ceramic raw sheet 15, and really calcinates them to it for can 
room seal structure formation or improvement in productivity. Therefore, this thermo couple 
material must also be a material system which can bear ceramic firing temperature and 
atmosphere enough. Therefore, in the thermo couple of this invention, the alloy of Pt or Pt, and 
other precious metals is adopted as the right leg 19, and the alloy of Pd and Au is adopted as 
**** 20 it C an use with Pt electrode and Pt conductor which are usually used abundantly so 
that it may mention later, if Pt simple substance is used for the right leg 19 in common. When 
using Pt and other precious metal elements for the right leg 19, it is usable in an alloy with Au, 
Pd, Ir, and Rh. In this case, it is necessary to add Pt content not less than 30%. Pd-Au alloy is 
[ in / on the other hand / **** 20 ] indispensable. In this case, 40 to 75 % of the weight is 
required for the content of Au, and big electromotive force is acquired in this range. Preferably, 
as for Au content, in 60 to 70% of the weight of the range, thermoelectromotive force is large 
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and anti-oxidation performance also improves. 

[0038]For example by **** 20, the thermo couple paste of this invention The alloy powder of Pd 
and Au, Or although pattern formation is carried out to the mixed powder of Pd powder and Au 
powder on a ceramic raw sheet with screen printing etc. using the paste produced with an 
organic binder, a solvent, a dispersing agent, etc., it is indispensable that a part of right leg 19 
and **** 20 produce the point of contact which piled up and was put together. 20-100 
micrometers is usually a formation range by 0.1 mm or more and printing thickness in pattern 
width, accepting necessity - the above-mentioned paste - glass powder, alumina powder, and 
zirconia powder - 0.1 - 30vol% - if print formation is added and carried out, the thermo couple 
which the glass particle, the alumina particle, and the zirconia particle distributed minutely in 
the thermo couple will be obtained, and the adhesion of a thermo couple and the substrate 15 
will improve. The effect that sintering is prevented during the operation of a thermo couple for 
fine dispersion particles is also acquired. The still more desirable range of the addition of these 
glass powder is 5 - 20vol%, and can improve adhesion and the prevention from thermo couple 
sintering simultaneously. On the other hand, in the addition beyond 30vol%, it becomes easy 
to disconnect a thermo couple according to the baking process of manufacture. It is good to 
make silica into a subject about the presentation of glass powder, and, as for the softening 
temperature, it is desirable that it is 800-1000 **. 

[0039]As for the ceramic raw sheet 15, a solid electrolyte is used as an object for 
electrochemical devices. Usually, the yttria addition zirconia of an oxygen ion conductor is 
used. As for a yttria addition, 3-10-mol% of a field is usually used. Seria, magnesia, etc. may 
be used instead of the yttria of a stabilizing agent. It may be used when the mixed conductor 
which exists simultaneously also has a solid electrolyte and a special electronic conductor. 
These raw sheets are usually produced by a doctor blade method. 
[0040]After the above-mentioned thermo couple is formed on the zirconia raw sheet 15, 
another zirconia raw sheet is piled up so that a thermo couple may be put, and the heat 
crimping of raw sheets is made with a hydrostatic pressure press in 1 axis heat crimping (50 ** 
- about 100 **) or warm water. Thus, a thermo couple is embedded into a zirconia sheet. After 
burning off the organic binder in this zirconia raw sheet 15 in the atmosphere, it calcinates at a 
not less than 1300 ** elevated temperature. The mixed powder of Pd and Au is thoroughly 
intercrystallized in this process, and it becomes an alloy of Pd and Au. By a contact surface, 
the same spot weld with good Pt system right leg and Pd-Au system **** is formed 
simultaneously with it. On the other hand, the raw sheet of zirconia is sintered at an elevated 
temperature, serves as a precise base, and prevents the oxygen penetration from the 
atmosphere. Pd alloys with Au in the state of Pd of a metal thoroughly in the sintering 
temperature region of zirconia, in order to return to a metal automatically, if it becomes not less 
than about 800 **, although it oxidizes gradually from about 300 **. 
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[0041 ]lf the thermo couple produced in this way is formed into insulating substrates, such as 
solid electrolytes, such as zirconia, and alumina, a heating heater board, of course, It is used 
for the gas detection sensor by the conductivity change of the gas responsive membranes (for 
example, Sn0 2 ) formed in the electrode provided on the insulating substrate, and inter- 
electrode [ its ], etc. It can use for the oxygen pumping element which carries out voltage 
impressing to the Pt inter-electrode formed on both sides of the fuel cell and zirconia of an 
elevated-temperature operation, and operates, or the electrochemical NOx sensing element 
which changes NO into N0 2 in the electrochemical device using a zirconia solid electrolyte. 

[0042]ln the gas sensor which measures the inter-electrode potential difference especially 
formed on the zirconia solid electrolyte, a thermocouple contact can be easily formed in the 
electrode vicinity which needs temperature control. It becomes controllable [ the central 
temperature of an electrode ] that what is necessary is just to install the point of contact of this 
invention thermo couple into an inter-electrode zirconia board. Furthermore, Pt electrode is a 
practically very effective means in being able to share Pt of the reference pole (air pole) with 
the right leg of this invention electrode by the shade electromotive force type sensor usually 
used well, and reducing a sensor-leads number. In order to usually use porous membrane as a 
gas electrode, it is common to these Pt electrodes that a zirconia particle makes it 
intermingled, but even when using as a thermo couple right leg, it is satisfactory in any way. 
[0043] Drawing 12 and drawing 13 are the structures which embedded and installed the 
temperature measuring junction 21 of the right leg 19 of this invention thermo couple, and **** 
20 into the substrate 15 directly under a temperature control part (for example, electrodes 16 
and 17 of a sensor). This structure has an advantage which is not concerned with an electrode 
material but can measure electrode central temperature. The sensor structure which has 
arranged the counterelectrode in one side of the substrate 15, of course may be sufficient. 
Drawing 14 and drawing 15 are the structures which connected the direct thermo couple right 
leg 19 to the electrode 16 to share by the case where lead 18 the very thing of an electrode is 
shared as **** 20 of this invention thermo couple. In consideration of the spot weld of the right 
leg 19 and the electrode 16 turning into a measuring contact, a joint position with the right leg 
19 will be decided. However, it is desirable to consider it as the structure which embeds **** 20 
into a substrate at least, in using above 300 ** because of the deterioration prevention of **** 
20. or instead of embedding into the substrate 15 - a precise glass layer - **** - perfect - 
coat 15' - it may carry out. It is more desirable to have embedded into the substrate as much 
as possible also including the right leg, when using at an elevated temperature, and to carry 
out atmosphere interception. 

[0044]The structure shown in drawing 16 and drawing 17 shares the extraction lead 18 of an 
electrode on right foot 19 of this invention thermo couple, and forms the point of contact 21 
with **** 20 in the electrode vicinity part. In order to acquire the higher control precision of 
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electrode temperature, it is preferred to form a notching part in the central part of the electrode 
16, and to make the measuring contact 21 approach focusing on an electrode, as shown in 

drawing 18 and drawing 19 . 

[0045] Drawing 20 is an example at the time of actually applying this invention thermo couple to 
the gas sensor of the method which detects inter-electrode potential difference. This 
composition uses Pt system reference pole 17 (counter electrode combination) of an air 
standard as the right leg 19, and shows the case where **** 20 is directly connected to this 
reference pole 17. As long as lead extraction of this reference pole 17 comprises a Pt system, 
of course, junction to **** 20 may be performed in electrode vicinity. The gas sensors which 
can apply this composition are heating mold gas sensors which detect the decomposition 
oxygen density of a concentration cell type oxygen sensor or NOx with shade electromotive 
force, such as a NOx sensor, mixed potential type a NOx sensor, HC (hydrocarbon) sensor. 
[0046] Drawing 21 is claim 18 and an example which shows the structure of the total NOx 
sensor of 19 statements. Oxygen is poured in with the oxygen pumping electrode 23 with the 
signal of the oxygen sensor of arrangement of an oxygen density in the same room, or it 
discharges at the first room 22 by the side of a gas inlet, and 0 2 concentration control in the 

sensor can room 22 is performed. The second room of NOx is simultaneously changed into 
N0 2 with the NOx conversion electrode 25 of 24, and it detects as total NOx concentration in 

the detection pole 26 which counters it. The counter electrode 17 for detection poles in this 
case is arranged with the gas atmosphere which passes to the atmosphere in the intercepted 
another room. The total NOx sensor of this method is a mixed potential type sensor, and there 
is the characteristic that temperature dependence of a detecting output is large. The 
conversion ability or conversion efficiency of NOx is also large to sensor operating 
temperature, and it will be influenced. Therefore, sensor characteristics are dramatically 
stabilized by combining this invention thermo couple with the sensor of this composition. 
[0047] Drawing 22 is another example of composition in a mixed potential type sensor further. 
This composition is unapplicable ability and requires that a reference pole should be a mixed 
potential type sensor constituted by detection object gas with an un-admiration electrode 
material at a concentration cell-type gas sensor. It is the same as that of the above-mentioned 
that the reference pole 17 consists of Pt system material in this composition. The effect as 
drawing 21 also with fundamentally same mixed potential type sensor of this composition is 
acquired, as mentioned above, the thing limited to the example of composition shown here 
although indicated about the composition of this invention thermo couple - it is - there is 
nothing. A actual example is shown below and still more detailed explanation is given below. 
[0048](Example 7) It formed in the yttria addition zirconia raw sheet 15 by screen-stencil by 
using Pt paste as the thermo couple right leg 19. On the other hand, by the combination 
presentation which shows Pd powder with a mean particle diameter of about 1 micrometer and 
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Au powder with a mean particle diameter of about 2 micrometers in Table 7 as thermo couple 
**** 20, pasting was carried out and it screen-stenciled in a similar manner. A part of leg was 
made to cross so that this Tokimasa leg 19 and **** 20 may have the point of contact 21. It 
dried at 100 ** after this, and the raw sheet was degreased at the air furnace. 1300 ** 
calcination was performed in the after-degreasing atmosphere furnace. The lead 18 same to 
**** 20 as each presentation was joined for Pt line to the after-calcination right leg 19, and the 
thermoelectromotive force in the inside of a 600 ** electric furnace was measured. As a result, 
as thermoelectromotive force is shown in Table 7, it turns out that it is greatly dependent on Au 
content. Compared with the output of R thermo couple (Pt-13% Rh) used conventionally, about 
5 times as much thermoelectromotive force was acquired at the maximum. From here, it turns 
out that an output with at best still more preferred 30 to 75% and an Au presentation of **** 20 
good at 50 to 70% is obtained. If Au content exceeds 80% also the 1300 ** calcination in this 
example, the melting point of thermo couple **** 20 itself will become lower than calcination 
temperature, and will be expected to result in an open circuit. 
[0049] 
[Table 7] 



APAu/(Au + Pd)fii:jt 

(96) 


6 o otjicfcit zmmmti 
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S .5 5 


2 0 


11.63 


3 0 


15.58 


4 0 


17.44 


5 0 


2 1,44 


6 0 


2 2.69 


6 5 


2 3.51 


7 O 


2 0.84 
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16.23 


S 0 
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[0050](Example 8) In the right leg 19 produced in Example 7, **** 20 by Pt Au65%-Pd35%, 
The temperature dependence in 200 ** - 700 ** of thermoelectromotive force was measured in 
the electric furnace using four sorts of this invention thermo couple boards which consist of 
Au50%-Pd50%, Au40%-Pd60%, and Au30%-Pd70%. The relation between the degree of 
furnace temperature and a thermo couple output is shown in drawing 23 . The temperature 
dependence of thermo couple Pt-Rh (13%) is conventionally shown in the figure for 
comparison. The temperature dependence of thermoelectromotive force is not based on the 
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presentation of **** 20, but is dramatically high, and since the output is dramatically large 
compared with a thermo couple conventionally, excelling as a temperature sensor is clear from 
here. [ of linearity ] 

[0051](Example 9) The example combined with the NOx sensor of the structure which shows 
the thermo couple with which the right leg 19 with the biggest thermoelectromotive force 
becomes in Example 7, and **** 20 consists of Au65%-Pd35% by Pt in drawing 20 is shown. It 
compared with the case of the Pt-Rh (13%) thermo couple which is a thermo couple 
conventionally for comparison. Maintenance for 10 minutes was performed for each sensor at 
the operating temperature of 500 **, 550 **, and 600 ** from the cold start, and duplicate 
measurement in mixed gas (N 2 base) of NO 2 50 ppm+NO50ppm was performed. The self- 
heating method with a heater really [ substrate ] from a cold start performed each 
measurement each time. The variation characteristic of the total NOx sensitivity in each preset 
temperature is shown in drawing 24 . The standard of preset temperature used the same circuit 
so that it might control from the thermoelectromotive force characteristic in the inside of a 
standard electric furnace. As for the Pt-Rh (13%) thermo couple, compared with this invention 
thermo couple, sensitivity consists lowness of this result conventionally. It is [ thermo couple / 
this invention / former ] clear that sensitivity variation is dramatically small. 
[0052]lf this invention thermo couple is applied to a heating mold electrochemical device, 
especially the gas sensor which performs an elevated-temperature operation, etc., a very big 
effect will be acquired. That is, in the device which really sinters a substrate, an electrode, a 
conductor, etc. and is produced, if it is not less than 1300 ** in calcination temperature, the 
device of a heating control means integral type can be manufactured easily. 
Thermoelectromotive force is dramatically large and temperature control accuracy can improve 
substantially. In an electromotive force type gas sensor especially with big temperature 
dependence, since temperature control accuracy has direct influence on sensor output 
accuracy, combining this invention thermo couple has a big advantage. Since it is possible to 
share a sensor electrode on thermo couple right foot, the temperature control of the electrode 
itself becomes possible, a lead conductor can also be reduced, and it leads also to cost 
reduction. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[ Drawing 12] 
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[Drawing 9] 
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[Drawing 16] 
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[Drawing 22] 
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[Drawing 24] 
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